Summary
Introduction
Obesity, and its related comorbidities, increases risk of chronic disease and remains a significant public health problem (1) (2) (3) (4) . For this reason, there is substantial interest in finding ways to promote weight loss and weight management (3) (4) (5) . While a number of interventions have been studied, a considerable amount of variability has been reported in weight and/or fat loss among individuals, even when participating in the same intervention (5) (6) (7) (8) . One factor that has been suggested to influence an individual's response to a weight management intervention is genetics (4, (9) (10) (11) (12) (13) . For example, findings from the Genome Wide Association Studies have identified genetic polymorphisms associated with obesity and aspects related to obesity, such as energy expenditure, appetite control and lipid metabolism (10, 12, (14) (15) (16) . Theoretically, identification of obesity-related genes may be helpful in determining optimal behavioural, dietary and/or pharmacological interventions to promote weight loss and weight management.
In support of this contention, Dopler-Nelson and colleagues (17) retrospectively evaluated the relationship of five candidate genes related to lipid metabolism (i.e. FABP2rs1799883, PPARG2rs1801282, ADRB3rs4994C3, ADRB2rs1042713 and rs1042714) to weight loss success of individuals participating in several commercially available diet interventions. The researchers reported a twofold to threefold greater reduction in body weight along with greater reductions in waist circumference and triglycerides and an increase in high-density lipoprotein (HDL) cholesterol among participants following a diet aligned with genotype as opposed to individuals in which the diet intervention did not align with genotype (17) . These findings prompted others to examine whether alignment of genotype to different macronutrient diets would promote greater weight and/or fat loss as well as development of direct-to-consumer genetic screening kits to help individuals select a diet that may optimize weight loss efforts (17) (18) (19) (20) (21) .
Our group has conducted a number of studies evaluating the effects of various diet and exercise interventions on weight loss as part of a Women's Health & Fitness Initiative (22) (23) (24) (25) (26) (27) (28) . These studies generally found that participating in a circuit-style resistance training program while following a slightly hypo-energetic, low fat and moderately higher protein diet promoted fat loss while maintaining fat free mass and resting energy expenditure (REE) (22) (23) (24) (25) (26) (27) (28) . Additionally, adherence to the moderately higher protein versions of this diet while following the circuit-style resistance training program promoted more favourable changes in markers of metabolic syndrome (22, 25) . We also observed significant changes in exercise capacity (22) (23) (24) (25) (26) 28) , which is relevant as cardiopulmonary fitness is a known to be associated with chronic disease risk and related mortality (29) (30) (31) (32) (33) (34) (35) . The purpose of the present investigation was to (1) determine the efficacy of two moderately higher protein diets that varied in carbohydrate and fat content on changes in weight, body composition, exercise capacity and biomarkers of health in sedentary women with obesity participating in a circuit-style resistance training program and (2) determine if these tested diets would result in greater health outcomes when aligned by the genetic profile within direct-to-consumer genetic screening kit previously tested by Dopler-Nelson et al. (17) . We hypothesized that the moderately higher protein diet with higher fat and lower carbohydrate content (as opposed to lower fat and higher carbohydrate) and alignment of diet to genotype would promote greater reductions in body weight and lead to more favourable changes in body composition, exercise capacity and biomarkers of health.
Methods

Study design
This study was conducted in a randomized, parallel arm, prospective manner at a university-based research facility. This investigation was approved by the Texas A&M University Institutional Review Board (IRB2013-0737FX), performed in accordance with the Declaration of Helsinki (36) and registered retrospectively (NCT03116711). Prior to initiation of the intervention, participants provided a buccal swab sample using a direct-to-consumer genetic screening kit. This kit was designed to align diet recommendation with several genes related to lipid metabolism in an effort to promote greater weight loss success. Participants were randomly assigned to hypo-energetic, moderately higher protein diets that were moderate carbohydrate (MC) or lower carbohydrate (LC) and aligned (A) or did not align (NA) with genotype as per recommendations from the screening kit. For 24 weeks, participants followed the recommended diets while participating in a supervised circuit-style resistance training (4 d week À1 ) and walking program. Assessment sessions for data collection were carried out at 0, 4, 12, 16, 20 and 24 weeks with the exception that fitness related data were collected at 0, 12 and 24 weeks. An overview of the study design is presented in Figure 1 .
18 and 60 years of age and a body mass index-22 kg m À2 and/or body fat percentage >30%. Exclusion criteria consisted of uncontrolled metabolic disorder; participation in a structured exercise program within the past 3 months (>30 min d À1 , 3 d week À1 ); recent weight change (+/À3.2 kg) within 12 weeks prior to initiation of the study; consumption of nutritional supplements that may affect muscle mass, anabolic/catabolic hormone levels, or weight loss; and pregnancy, nursing or intention to become pregnant during the subsequent 52 weeks. A total of 255 individuals expressed interest in participating in the study and attended a recruitment session. Eligibility screening occurred at the recruitment session. A total of 64 individuals did not meet eligibility criteria. Thus, 191 eligible women signed the informed consent, underwent a standard medical exam and provided a buccal swab sample for genotyping. Of these, 43 participants were no longer eligible based on genotype results, and 51 declined participation due to scheduling conflicts (n = 9) or concerns with the time commitment required by the study (n = 42). A total of 97 participants were randomly assigned to diet based on results from the genetic screening kit and initiated participation in the study. Of these, 34 participants withdrew prior to or following the first assessment session, 63 participants completed at least 12 weeks of intervention and 51 women completed all 24 weeks. The primary reasons for attrition were noncompliance (failure to follow diet, attend exercise or assessment sessions), concerns with the time commitment required by the study or personal reasons. Figure 2 presents a CONSORT diagram.
Genotyping
Buccal swab samples were collected in duplicate, and each swab was placed in an individual envelope with a barcode that corresponded with participant identification. Barcode and participant identification information were kept in a secured document accessible only to the study coordinator and primary investigator. Upon collection of the samples, one envelope per participant was placed in a container for shipment to Interleukin Genetics (Waltham, MA) for genotyping within a Clinical Laboratory Improvements Amendments certified molecular genetics laboratory. In this laboratory, DNA was extracted from buccal cheek swabs (Puritan, Gilford, ME) using standard procedures for determination of the five polymorphisms included within the profile (FABP2rs1799883, PPARG2rs1801282, ADRB3rs4994C3, ADRB2rs1042713 and rs1042714). Single nucleotide polymorphism (SNP) genotyping was performed by the single-base extension method using a Biomek® FXP SNPstream® system (Beckman Coulter, Brea, CA) with SNPs multiplexed as needed to avoid interference. The multiplex polymerase chain reaction was treated with exonuclease I and shrimp alkaline phosphatase (USB). The single-base extension reaction was performed per manufacturer's protocol, and 'tagged' products were hybridized to a microarray plate. The SNPstream instrument was used to read the plates, and the SNPstream software was used to determine initial allele calls, which were confirmed by a technician.
Dietary intervention
Dietary protocols
Participants followed either the MC or LC Curves Complete® (Curves International, Waco, TX) diet programs. The MC dietary prescription included a macronutrient breakdown of 30% kcal from carbohydrates, 25% kcal fat and 45% kcal protein. The LC diet prescription included 20% kcal carbohydrate, 35% kcal fat and 45% kcal protein. Participants on the MC program were provided instruction from a registered dietitian on how to use the Curves Complete online program to select, change and track daily meals and snacks. Participants assigned to the LC diet program were provided sample menus and instructions on how to make substitutions on each menu from a registered dietitian. Dietary instruction was provided to all participants at baseline and throughout the intervention as needed for each participant. Guidance provided by the registered dietitian to achieve the moderately higher dietary protein goals in both diet groups included increased intake of higher protein food sources and incorporation of protein shakes and bars. Both diets were designed to provide 1,400 kcal d À1 for the first week followed by 1,500 kcal d À1 for the remaining 23 weeks.
Because the diets were hypo-energetic, all participants were provided a daily multivitamin and mineral supplement containing calcium, vitamin D and omega-3 fatty acids (Curves 2 Go, Curves International®).
Genotype alignment to diets
Results from the genotyping analysis were provided by the genetic testing company with diet types recommended based on the combination of allelic patterns among the polymorphisms within the tested genetic profile (9) . The recommended diet types provided were LC diet, lower fat diet or balanced diet. In the present investigation, participants with a genetic profile suggesting the lower carbohydrate diet were assigned as aligned to the LC diet (20:35:45% kcal) or not aligned to the MC diet (30:25:45% kcal). Participants with a genetic profile suggesting lower fat diet were assigned as aligned to the MC diet (30:25:45% kcal) or not aligned to the LC diet (20:35:45% kcal). Individuals with a genetic profile suggesting a balanced diet were excluded from the present investigation and offered the opportunity to participate in another exercise and weight loss study.
Exercise intervention
Throughout the duration of the intervention, all participants completed four, 30-min workouts per week in the lab, following the Curves International® exercise program. The circuit-style resistance training program utilized the computerized Curves Smart system with . This system provides feedback and records performance to ensure participants meet intensity expectations (i.e. 60% to 80% of one repetition maximum). The circuit included 13 bi-directional hydraulic concentric only resistance exercise machines, which worked all major muscle groups (i.e. elbow flexion/extension, knee flexion/extension, shoulder press/lat pull, hip abductor/adductor, chest press/seated row, horizontal leg press, squat, abdominal crunch/back extension, chest flies, oblique, shoulder shrug/dip, hip extension and side bends). Before and after training sessions, participants performed whole body stretching. During training sessions, participants wore a Polar FT4 Heart Rate Monitor (Lake Success, NY) to monitor exercise intensity. Participants were coached to perform as many repetitions as possible while on each resistance machine. Three out of the four weekly workouts consisted of alternating between 30 s on the resistance machines and 30 s completing floor-based aerobic callisthenic exercises following a video of a fitness instructor in order to maintain heart rate between 60% and 80% of age-predicted maximal heart rate. Participants completed the entire circuit twice during these workouts. One of the four weekly workouts included Zumba dance between resistance machines. During these workouts, participants alternated between 1 min on the resistance machines and 1 min performing Zumba dance exercise as taught by a certified Zumba instructor. Participants complete the entire circuit once during these workouts. Participants were required to complete at least 90% of exercise training sessions in order to be considered compliant (i.e. 86 of 96 workouts).
We previously reported that women participating in this type of circuit-style resistance training regimen elicit an average exercise heart rate of 126 ± 15 bpm (80% of maximal heart rate), an average exercise intensity of 65% ± 10% of peak oxygen uptake, resistance exercise intensities ranging between 61% and 82% of one repetition maximum (1RM) on the various exercise machines and an average energy expenditure of 314 ± 102 kcals per workout (37) (38) (39) . Additionally, participants were provided with a standard pedometer and instructed to reach a goal of 10,000 steps per day on non-circuit training days.
Procedures
Participants were instructed to refrain from exercising for 48 h and fast for 12 h prior to each assessment session. Participants reported to the lab at approximately the same time of day during each session. The following describes the methods of assessments performed.
Dietary intake
Participants were provided a detailed description of how to measure and record food and beverage intake on food logs by a registered dietitian. Participants recorded all food and energy containing fluids consumed for 4 d (three weekdays and one weekend day) prior to each testing session. Food logs were checked for accuracy when returning to the lab for each assessment session and analysed by a registered dietitian using dietary analysis software (ESHA Food Processor Version 8.6, Salem, OR).
Resting energy expenditure
Resting energy expenditure was measured using an opencircuit method of indirect calorimetry with the ParvoMedics TrueMax 2400 Metabolic Measurement System (Parvomedics Inc., Sandy, UT) using previously described procedures (23, 25) . Participants laid down motionless in a bed with legs resting on a padded box, while respiratory gases were collected from a metabolic hood. The five data points after at least 10 min of assessment in which oxygen uptake and carbon dioxide production varied by no more than 5% were used for REE measurements (40) .
Body composition
Height and body weight were measured following standard procedures with the Health-O-Meter Professional 500KL scale (Pelstar LLC, Alsip, IL, USA) self-calibrating digital scale with an accuracy of ±0.02 kg. Body composition was determined with a Hologic Discovery W DualEnergy X-ray Absorptiometer (Hologic Inc., Waltham, MA, USA) equipped with APEX Software (APEX Corporation Software, Pittsburg, PA, USA) that estimated visceral adipose tissue by using procedures previously described (41) . Prior to testing, quality control calibration procedures were performed following manufacturer's guidelines. The mean coefficient of variation for all scans throughout the study was between 0.31% and 0.33% with a mean intra-class correlation of 0.935.
Exercise capacity
At 0, 12 and 24 weeks of intervention, participants performed muscular strength (1RM) and muscular endurance tests (maximum number of repetitions at 80% of 1RM) on the bench press and hip sled/leg press (Nebular Fitness, Versailles, OH) following standard procedures (42) . Hand position on the bench press and foot and sled seat positions on the leg press were recorded and standardized among testing sessions. Participants were provided 2 min of recovery between 1RM attempts and 5 min of recovery between exercises. Participants also performed a symptom-limited maximal cardiopulmonary exercise test on a treadmill following the Bruce protocol using standard procedures (42) . Expired ventilation and respiratory gases were assessed using a calibrated ParvoMedics TrueMax 2400 Metabolic Measurement System (Parvomedics Inc.) metabolic measurement system. Heart rate and rhythm were assessed using a 12-lead electrocardiogram (Nasiff Cardio Card Electrocardiograph, Central Square, NY). Resting and exercise blood pressure were measured by auscultation of the brachial artery using a mercurial sphygmomanometer using standard procedures (42) .
Blood collection and biomarker analysis
Fasting whole blood was collected into two BD Vacutainer® SST ™ Serum Separation Tubes (Becton, Dickinson and Company, Franklin Lakes, NJ) using standard phlebotomy procedures. The SST tubes sat at room temperature for 15 min and were then centrifuged at 3,500 rpm for 10 min using a Heraeus Megafuge 40R centrifuge (ThermoFisher Scientific, Inc., Watham, MA). Serum was transferred into micro-centrifuge tubes and stored in a freezer at À80°C for later analyses. Serum glucose, triglycerides, total cholesterol, low-density lipoprotein (LDL) and HDL levels were analysed using a Cobas C 111 (Roche Diagnostics, Indianapolis, IN) automated chemistry analyzer according to manufacturer's instructions. The tested intra-assay coefficient of variation for these variables was approximately less than 3% along with an inter-assay coefficient of variation of less than 2% (43) . Serum insulin was determined using a commercially available enzyme linked immunoabsorbent assay kit (ALPCO Diagnostics, Salem, NH) using a BioTek ELX-808 Ultramicoplate reader (BioTek Instruments Inc., Winooski, VT) set at an optical density of 450 nm with BioTek Gen5 Analysis software (BioTek Instruments Inc.). The intraassay coefficient of variation has been shown to range from 5.1% to 10.3%, and the inter-assay coefficient of variation ranges from 6.7% to 16.6%. The homeostatic model of assessment for insulin resistance (HOMA-IR) was calculated by dividing the product of glucose (mmol L À1 ) and insulin (μIU L À1 ) by 22.5 (44).
Statistical analyses
A priori power calculation was set at >0.80 and was based on change in fat mass between diet groups from previous research in our lab utilizing similar diet and exercise interventions (22, 23, (25) (26) (27) as well as considering the change in body weight reported in a similar study (17) . This analysis revealed that a sample size of 15-20 participants per group was sufficient to detect meaningful changes in fat mass. Given this, we employed an intentto-treat procedure using expectation maximization (45) to replace missing values for participants who completed at least 12 weeks of the intervention (n = 63). A total of 51 participants completed the 24-week intervention, and the following completed at least 12 weeks of the 24-week intervention: three participants in NA-MC, four in A-MC, four in NA-LC and one in A-LC completed at least 12 weeks of the 24-week intervention. This resulted in 628 data points that were imputed out of 10,458 total data points, which is 6% of the data. All data were analysed with IBM® SPSS® Version 25 software (IBM Corp., Armonk, NY, USA). General linear model (GLM) multivariate analysis was used to determine differences between groups at baseline. Related variables were analysed using univariate, multivariate and repeated measures GLM. For body composition analysis, baseline variables were used as covariates. The overall multivariate Wilks' Lamda and Greenhouse-Geisser univariate p-levels are reported. Data were considered significant when the probability of type I error was 0.05 or less (p < 0.05). Partial eta squared effect sizes (η p 2 ) are reported as an indicator of effect size when the p-level was close to significance (i.e. p < 0.1 but p > 0.05) (46) . An eta squared around 0.02 was considered small, 0.13 medium and 0.26 large (46). Tukey's least significant differences post hoc analyses were performed to determine differences among groups. Mean changes from baseline as well as per cent changes from baseline were calculated and analysed using one-way ANOVA to determine mean changes with 95% confidence intervals (CIs). Mean changes with 95% CIs completely above or below baseline were considered significantly different (46) . Data are presented as means ± standard deviations, mean change from baseline with 95% CIs or mean per cent change from baseline with 95% CIs.
Results
Baseline characteristics
Multivariate GLM analysis revealed no overall Wilks' Lamba diet (p = 0.22), genotype (p = 0.60) or diet × genotype (p = 0.15) effects. Table 1 presents univariate analysis of participant demographics. A statistically significant difference between genotype groups for height was observed (p = 0.01), suggesting that participants that were not aligned to genotype were taller. Additionally, the difference between fat-free mass between genotype groups was close to significance (p = 0.06); therefore, we normalized data among groups by calculating delta values from baseline as well as per cent changes from baseline. Leg press 1RM (kg kg 
Regarding REE, multivariate analysis revealed a significant overall Wilks' Lambda time effect (p < 0.001), but no significant interactions for time × diet (p = 0.993), time × genotype (p = 0.466) or time × diet × genotype (p = 0.54). Table 4 presents univariate analysis related to REE data. Significant group effects were observed for REE (p = 0.03) and respiratory exchange ratio (RER) (p = 0.02). Interestingly, participants aligned to genotype had significantly lower REE and RER values at several time points. Additionally, significant time effects were observed for REE and RER (p = 0.003 and p = 0.001, respectively) (Table 4) . REE levels increased above baseline, while RER values declined in all groups towards the end of the study, which indicates greater fat oxidation.
Body composition
Multivariate analysis revealed an overall Wilks' Lambda time effect (p < 0.001) with no significant time × diet (p = 0.278), time × genotype (p = 0.985) or time × diet × genotype (p = 0.914) interactions, group interactions or group effects for body composition variables. Exercise capacity Table 6 presents univariate analysis of cardiopulmonary maximal exercise variables. Significant time effects were observed for absolute and relative peak oxygen uptake (p < 0.001), time to exhaustion (p < 0.001) and peak systolic blood pressure (p = 0.01) ( Table 6 ). When assessed as per cent change from baseline, significant time effects were observed for absolute (9.8% ± 11%, p < 0.001) and relative (15.6% ± 13.3%, p < 0.001) peak oxygen uptake, time to reach maximal effort (14.9% ± 13.5%, p < 0.001), peak systolic blood pressure (5.4% ± 12.8%, p = 0.003) and peak rating of perceived exertion (4.4% ± 10.0%, p = 0.026) in all groups but were not observed for peak heart rate (3.1% ± 8.4%, p = 0.113) or peak diastolic blood pressure (À0.8% ± 13.2%, p = 0.319). Significant time × genotype × diet interactions were observed in per cent changes in peak oxygen uptake variables. Among individuals following the LC diet, post hoc analysis revealed greater improvements in absolute and relative peak oxygen uptake among individuals aligned to genotype diet Table 2 Absolute energy intake and percentage of total kcals ingested per day from macronutrients 14.7 ± 12.2, NA-LC 9.6 ± 10.5 mL/kg/min, p = 0.047) after 24 weeks of training. No other significant interactions or group effects were observed. Table 7 presents univariate analysis of muscular strength and endurance variables. Significant time effects were observed for bench press 1RM (p < 0.001) and leg press 1RM (p < 0.001). Participants improved bench press 1RM by 17.2% (17.2% ± 21.4%, p < 0.001) and leg press 1RM by 24% (24.0% ± 24.5%, p < 0.001) ( Table 7) . While a time effect was not observed for leg or bench press lifting volume, when assessed as per cent change from baseline, a significant change was observed in leg press lifting volume (35.0% ± 100%, p = 0.025) but not bench press lifting volume (22.9% ± 78.6%, p = 0.054). Table 8 presents univariate analysis of blood lipid variables. Significant time effects were observed for all blood lipid variables (p < 0.05), such that all participants experienced favourable changes in blood lipids by 24 weeks. Significant group effect for diet was observed for total cholesterol (p < 0.001), LDL cholesterol (p < 0.001) and triglycerides (p < 0.001) such that values were generally lower in the LC diet group. No other significant diet or genotype group effects were observed. Further, significant time × diet interactions were observed in total cholesterol (p < 0.001), HDL cholesterol (p = 0.02), LDL cholesterol (p = 0.001) and triglycerides (p < 0.001). No other significant interactions were observed. When assessed as per cent change from baseline, on average all participants experienced a 2.1% reduction in total cholesterol (À2.1% ± 16.4%, p < 0.001), 7.4% reduction in triglycerides (À7.4% ± 32%, p = 0.027), 9.1% reduction in total cholesterol to HDL cholesterol ratio (À9.1% ± 16.5%, p < 0.001) and a 10.8% improvement in HDL cholesterol (10.8% ± 26%, p < 0.001). Table 9 presents univariate analysis for variables related to glucose homeostasis. A significant time effect was observed for insulin (p = 0.001) and HOMA-IR (p = 0.001). A significant time effect was not observed for glucose (p = 0.18); however, a significant diet effect was observed for glucose (p < 0.001), such that individuals in MC generally had lower fasting levels of glucose. No other significant diet effects were observed, but a significant genotype effect was observed for insulin (p = 0.03) and HOMA-IR (p = 0.04), where levels were generally higher in individuals not aligned to genotype diet. No significant interactions were observed. When Table 5 . assessed as per cent change from baseline, insulin increased by 31.5% (31.5% ± 52.8%, p < 0.001) and HOMA-IR increased by 37.7% (37.7% ± 63.6%, p < 0.001).
Biomarkers of health
Discussion
The purpose of this study was to (1) determine the efficacy of two moderately higher protein diets that varied in carbohydrate and fat content on changes in weight, body composition, exercise capacity and biomarkers of health in sedentary women with obesity participating in a circuit-style resistance training program and (2) determine if alignment of genotype related to lipid metabolism using a direct-to-consumer genetic screening kit would promote greater benefits. Results indicated that at 24 weeks, all participants experienced significant reductions in weight, fat mass, per cent body fat and several biomarkers of health, with some evidence that participants in the LC group experienced greater improvements. However, alignment of these diets to the genotype profile used in the current investigation did not promote greater changes in weight, body composition, exercise capacity or biomarkers of health. These findings do not support use of the tested direct-to-consumer genetic screening kit to optimize weight loss or other health outcomes when participating in a circuit-style resistance training program while following moderately higher protein diet programs. Our findings contrast results from Dopler-Nelson and colleagues (17) retrospective study, who reported a twofold to threefold greater weight loss in individuals following diets that were retrospectively aligned to this genetic profile yet support results from a larger study this research group recently reported (19) . In this regard, Gardner and colleagues (19) randomly assigned 609 participants to a lower fat (48-53% kcal carbohydrate; 24-29% kcal fat; 21-22% kcal protein) or lower carbohydrate (23-30% kcal carbohydrate; 45-49% kcal fat; 23-26% kcal protein) diet for 52 weeks. Participants were instructed to continue normal physical activity habits. Insulin response to an oral glucose challenge as well as three of the five candidate genes included in the profile of the present investigation (PPARGrs1801282, ADRB2rs1042714 and FABP2rs1799883) were assessed. At 52 weeks, weight change in participants following the lower fat diet was À5.3 kg, while individuals following the lower carbohydrate diet were À6.0 kg (mean difference 0.7 kg [95% CI, À0.2 to 1.6 kg]). There were no significant interactions observed for diet to genotype or diet to insulin response to an oral glucose challenge. The researchers concluded that aligning these diets to the tested genotype patterns did not promote greater weight loss success.
Accordingly, in Frankwich and colleagues (47) 24-week diet intervention, 51 participants were randomized to a standard balanced diet or a diet that aligned with dietary recommendations related to carbohydrate and fat intake based on candidate genes in the tested profile (APOA2rs5082, ADIPOQrs17300539, FTOrs9939609, KCTD10rs10850219, LIPCrs1800588, MMABrs2241201 and PPARFrs1801280). At 24 weeks, statistically significant differences between diet groups were not observed for per cent weight loss, glucose homeostasis or fasting blood lipids. Investigators concluded that aligning these diets to the tested genotype patterns also did not optimize weight loss.
With that said, some investigations have observed statistically significant changes in health outcomes when Overall individuals who were homozygous for the T-allele and followed the high-fat diet experienced less weight loss and changes in fat-free mass, waist circumference and homeostatic model insulin resistance than those in the low-fat diet groups. Additionally, for those following the high-fat diet, each additional T-allele was associated with less fat loss. The investigators concluded that individuals with obesity who were homozygous for T allele in TCF7L2 rs7903146 were more sensitive to lower fat/higher carbohydrate diet versus high-fat diets. insulinotropic polypeptide receptor (GIPRrs2287019) on body weight and glucose and insulin resistance among 737 individuals with obesity. After 24 weeks of intervention, the T allele of GIPRrs2287019 was associated with greater weight loss and reductions in fasting glucose and insulin in participants who followed the higher carbohydrate/low-fat diet. Consequently, while much more research needs to be done to evaluate the relationship of specific genes to favourable changes in body weight, composition and other health outcomes related to chronic disease risk, results of these studies offer some support to the potential role of aligning diet with genotype in an effort to optimize health outcomes. Strengths of the present investigation include the prospective study design (a randomized controlled trial), length of study and use of both a direct-to-consumer genetic screening kit for weight management and a commercially available exercise and weight loss program. Limitations include a relatively small sample size, use of a prior power calculation based on two-way interactions, a wide age range that may result in the possibility of age-related anabolic resistance to the moderately higher protein diet and resistance training program and the possibility of inter-individual variations of epigenetic factors that may have impacted gene expression of the candidate genes in the genetic profile. Future research should continue to test potential candidate genes prospectively and consider testing genes individually as opposed to in panels, to identify alternative methods to optimize weight loss and promote favourable changes in health outcomes associated with chronic disease risk.
Overall, our findings and findings from previous work do not support use of the genetic polymorphisms tested here to select diet and optimize weight loss success and changes in body composition, exercise capacity and biomarkers of health; however, available evidence suggests use of other genes for diet selection to improve health outcomes. From a public health perspective, this work is important, as once we identify the correct genetic polymorphism or combination of polymorphisms for diet 
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